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We have used the hamster model of antibiotic-induced Clostridium difficile intestinal disease to evaluate
nitazoxanide (NTZ), a nitrothiazole benzamide antimicrobial agent. The following in vitro and in vivo activities
of NTZ in the adult hamster were examined and compared to those of metronidazole and vancomycin: (i) MICs
and minimum bactericidal concentrations (MBCs) against C. difficile, (ii) toxicity, (iii) ability to prevent C.
difficile-associated ileocecitis, and (iv) propensity to induce C. difficile-associated ileocecitis. The MICs and
MBCs of NTZ against 15 toxigenic strains of C. difficile were comparable to those of vancomycin or metroni-
dazole. C. difficile-associated ileocecitis was induced with oral clindamycin and toxigenic C. difficile in a group
of 60 hamsters. Subgroups of 10 hamsters were given six daily intragastric treatments of NTZ (15, 7.5, and 3.0
mg/100 g of body weight [gbw]), metronidazole (15 mg/100 gbw), vancomycin (5 mg/100 gbw), or saline (1
ml/100 gbw). Animals receiving saline died 3 days post-C. difficile challenge. During the treatment period, NTZ
(>7.5 mg/100 gbw), like metronidazole and vancomycin, prevented outward manifestations of clindamycin-
induced C. difficile intestinal disease. Six of ten hamsters on a scheduled dose of 3.0 mg of NTZ/100 gbw
survived for the complete treatment period. Of these surviving animals, all but three died of C. difficile disease
by between 3 and 12 days following discontinuation of antibiotic therapy. Another group of hamsters received
six similar daily doses of the three antibiotics, followed by an inoculation with toxigenic C. difficile. All of the
NTZ-treated animals survived the 15-day postinfection period. Upon necropsy, all hamsters appeared normal:
there were no gross signs of toxicity or C. difficile intestinal disease, nor was C. difficile detected in the cultures
of the ceca of these animals. By contrast, vancomycin and metronidazole treatment induced fatal C. difficile
intestinal disease in 20 and 70% of recipients, respectively.

Clostridium difficile is an important cause of hospital-ac-
quired infectious diarrhea (17, 26). Treatment with antimicro-
bials is the primary risk factor contributing to the development
of C. difficile diarrheal disease, which ranges from a mild self-
limiting disease to the severe, life-threatening condition called
pseudomembranous colitis. The antimicrobials most often im-
plicated are clindamycin, ampicillin, and cephalosporins; how-
ever, C. difficile intestinal disease can occur following exposure
to a wide variety of antimicrobials (11, 15). Currently, therapy
for patients with antibiotic-induced C. difficile intestinal disease
includes treatment with vancomycin or metronidazole, agents
which inhibit the growth of C. difficile (8, 29). Successful res-
olution of C. difficile intestinal disease using these antimicro-
bials, however, is compromised by several factors: (i) ca. 20%
of those patients who initially respond to metronidazole or
vancomycin suffer a relapse with C. difficile intestinal disease
following the cessation of antimicrobial therapy (2); (ii) met-
ronidazole and vancomycin are, themselves, capable of induc-
ing C. difficile intestinal disease (8); and (iii) some patients do
not respond to therapy with these antimicrobials, and these
patients risk development of more severe disease (24). Addi-
tionally, vancomycin is the only antibiotic active against some
serious life-threatening pathogenic bacteria (3, 5). Therefore,
in an effort to minimize the emergence of resistant enterococci
or Staphylococcus aureus, the medical community discourages
the use of vancomycin except when absolutely necessary (4).
The problems associated with the current therapy for antibi-

otic-induced C. difficile intestinal disease have led to searches
for alternative treatments.

Nitazoxanide (NTZ), a compound first synthesized by Ros-
signol and Cavier, is a nitrothiazole benzamide (J. F. Rossignol
and R. Cavier, Chem. Abstr. 83:28216n, 1975). The in vitro and
in vivo antimicrobial activities of NTZ have been shown to
encompass a wide range of helminthic and protozoan intestinal
parasites, as well as aerobic and anaerobic bacterial enteric
pathogens, including C. difficile (6, 7, 18, 23).

The aim of this study was to evaluate the in vivo efficacy of
NTZ in the hamster model of antibiotic-induced C. difficile
intestinal disease relative to the efficacies of metronidazole and
vancomycin in this model. We also examined the relative in
vitro susceptibilities of 15 toxigenic strains of C. difficile to
NTZ, metronidazole, and vancomycin.

MATERIALS AND METHODS

Strains. C. difficile strains used in in vitro susceptibility studies were from the
Texas Tech University Health Sciences Center culture collection. All strains were
isolated from patients with C. difficile-associated diarrheal disease and were
collected locally and from hospitals in other cities. C. difficile strain TTU 614 was
used to challenge hamsters orogastrically (12). Strains were maintained in
Wilkins-Chalgren broth (Oxoid-Unipath, Dardilly, France) under anaerobic con-
ditions (80% nitrogen, 10% carbon dioxide, and 10% hydrogen). C. difficile
organisms present in the ceca of hamsters were isolated on cycloserine-cefoxitin-
fructose agar (10).

Antimicrobial agents. Metronidazole and vancomycin were obtained from
Sigma (St. Louis, Mo.). NTZ was provided by Romark Laboratories, L.C.,
Tampa, Fla. NTZ was dissolved in dimethyl sulfoxide (DMSO) at a concentra-
tion of #45 mg/ml and then further diluted to an appropriate concentration in
Wilkins-Chalgren broth or normal saline (30). Metronidazole and vancomycin
were dissolved in Wilkins-Chalgren broth or normal saline.

Determination of MICs and minimum bactericidal concentrations (MBCs).
MICs were determined by the microbroth dilution method (21). Briefly, 50 ml of
antimicrobial agents, diluted in Wilkins-Chalgren broth, was added to wells of a
microtiter plate such that concentrations in the wells ranged from 0.24 to 250
mg/ml. Microtiter plates containing antimicrobials were allowed to equilibrate in
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anaerobic chamber for 24 h before C. difficile cells were added. Twenty-four-hour
cultures of C. difficile were adjusted to an A600 of 0.65 (ca. 108 CFU/ml) in
Wilkins-Chalgren broth (12). Then, 50 ml of the cell suspensions, further diluted
to 106 CFU/ml, was added to wells in 96-well microtiter plates containing equil-
ibrated antimicrobials. The final concentration of antimicrobials in the wells thus
ranged from 0.12 to 125 mg/ml. Inoculated microtiter plates were incubated at
37°C in anaerobic conditions for 48 h. The MIC was defined as the lowest
concentration of antimicrobial agent inhibiting the total growth of the strain.
After 48 h of incubation, aliquots from microtiter wells were plated on Wilkins-
Chalgren agar. Visible colonies were counted at the end of 48 h of incubation at
37°C. The MBC was defined as the lowest concentration of antimicrobial agent
at which 99.9% of the organisms in the original inoculum were killed. MICs and
MBCs were also determined for antibiotics dissolved in a 5% suspension filtered
(0.45-mm pore size) cecal contents in Wilkins-Chalgren broth.

Hamster model. The hamster model of antibiotic-induced C. difficile intestinal
disease is well characterized (20). Clindamycin-treated hamsters challenged with
toxigenic C. difficile will consistently develop a fatal ileocecitis. Several other
antimicrobial agents, including ampicillin, the cephalosporins, gentamicin, and
erythromycin, are also capable of inducing C. difficile-associated ileocecitis in
hamsters (1). Studies of this model have been invaluable in gaining an under-
standing of C. difficile intestinal disease in humans. Age-matched male Syrian
hamsters (80 to 100 g each) used in the present study were purchased from
Harlan Sprague-Dawley (Indianapolis, Ind.). All hamsters were housed individ-
ually in plastic cages and were provided a commercial laboratory ration and
water ad libitum. NTZ was first dissolved in DMSO at a concentration of 45
mg/ml. This was further diluted to 15, 7.5, or 3.0 mg/ml in normal saline. The
resulting preparations, which were 33 to 6.7% DMSO, were suspensions rather
than solutions. Metronidazole and vancomycin were diluted to solutions of 15
and 5 mg/ml in normal saline, respectively. These suspensions and solutions were
maintained on ice and each dose mixed well just prior to administration. Flexible
tubing was used to administer antimicrobials and C. difficile orogastrically (1
ml/100 g of body weight [gbw]) (16). All inoculations were performed under
ether anesthesia.

Assays for C. difficile toxins in hamster cecal contents. Fifty-percent (vol/vol)
suspensions of cecal contents were prepared in sterile phosphate-buffered saline
(PBS). Suspensions were then clarified by centrifugation, and the resulting su-
pernatants were filtered (0.45 mm [pore size]) and then stored at 220°C. The
presence C. difficile toxin A in hamster cecal content extracts was detected using
a commercially available enzyme-linked immunoassay (ImmunoCard; Meridian
Diagnostics, Inc., Cincinnati, Ohio). The presence of C. difficile toxin B was
confirmed in a cytotoxicity assay, using human fibroblast (HF) cells (Toxi-Titer;
Bartels, Inc., Issaquah, Wash.). For cytotoxicity assays, extracts of cecal contents
were further diluted to 1:200 in PBS containing gentamicin and amphotericin B.
Portions (50 ml) of extracts were added to microtiter wells containing confluent
HF cells in 50 ml of culture medium, giving a final extract dilution of 1:400. Cells
with extracts were incubated at 37°C for 24 h. The toxicity of extracts, indicated
microscopically by cytopathic effect (CPE), was noted after the incubation pe-
riod. In similar assays, 25 ml of extracts from cecal contents (diluted 1:100) was
preincubated with 25 ml of C. difficile toxin-specific antibody before addition to
HF cells. Abrogation of CPE by the addition of toxin-specific antibody confirmed
that CPE with extract alone was due to the toxicity of C. difficile toxin.

Induction of C. difficile ileocecitis in hamsters. NTZ, metronidazole, and
vancomycin were examined for their propensity to induce C. difficile-associated
intestinal disease in hamsters. Groups of 10 animals each received six daily
inoculations of antimicrobials according to the following regimen: three different
concentrations of NTZ (15, 7.5, or 3.0 mg/100 gbw), metronidazole (15 mg/100
gbw), and vancomycin (5.0 mg/100 gbw). Another group of 10 hamsters received
six daily doses of saline. At 24 h after the sixth antimicrobial or saline treatment,
each hamster received 105 C. difficile strain 614. Suspensions of strain 614 were
prepared from a 24-h culture as described above. Hamsters were monitored daily
for signs of C. difficile disease (diarrhea, ruffled fur, lethargy). Moribund animals
were sacrificed immediately by cervical dislocation under ether anesthesia. All
surviving hamsters were similarly sacrificed 15 days after C. difficile challenge.
Necropsies were performed on all animals, which were examined for gross
evidence of intestinal disease. In addition, cecal contents from each animal were
examined for the presence of C. difficile, toxin A (ImmunoCard Toxin A; Me-
ridian Diagnostics), and cytotoxicity to cultured HF cells (Bartels, Inc.).

Prevention of ileocecitis in hamsters. We also examined the ability of NTZ,
metronidazole, and vancomycin to prevent clindamycin-induced C. difficile-asso-
ciated ileocecitis in hamsters. Sixty hamsters were given a single oral inoculation
of 3.0 mg of clindamycin/100 gbw, followed 24 h later by a single dose of 105 C.
difficile strain 614. After 24 h treatments with antimicrobials or saline (adminis-
tered once daily for 6 days, as described above) were initiated. Animals were
monitored daily for signs of C. difficile disease. All moribund animals were
sacrificed immediately. At 35 days after challenge with C. difficile, all surviving
animals were sacrificed. Necropsies were performed on each animal, and the
gross signs of disease and the presence of C. difficile were determined as de-
scribed above.

Statistical analysis. The mean of MBCs for the toxigenic C. difficile strains
were determined for each antimicrobial agent. The means of MBCs were com-
pared by analysis of variance, and significant differences between antimicrobial
groups were identified by Scheffé’s test.

RESULTS

Susceptibility studies. The MICs at which 50% (MIC50) or
90% (MIC90) of the toxigenic C. difficile strains were inhibited
are shown in Table 1. Strains were as susceptible to NTZ as
they were to metronidazole or vancomycin; the MIC90s of all
three antimicrobials were 0.50 mg/ml. There was no statistical
difference between the means of the MBCs of the three anti-
microbials for the C. difficile strains. The means MBCs 6 the
standard deviations (SD) for NTZ, vancomycin, and metroni-
dazole were 0.48 6 0.47, 0.82 6 0.25, 0.37 6 0.21, respectively.
The cumulative MICs, shown in Fig. 1a, further demonstrate

TABLE 1. MIC50 and MIC90 values and ranges of antimicrobial
agents for 15 toxigenic C. difficile strains

Antimicrobial agent
MIC (mg/ml)

MIC50 MIC90 Range

NTZ 0.25 0.50 0.13–1
Metronidazole 0.25 0.50 0.13–0.50
Vancomycin 0.50 0.50 0.13–1.0
NTZ in 5% cecal contents 4 32 0.50–32
Metronidazole in 5% cecal contents 0.25 0.50 0.13–1
Vancomycin in 5% cecal contents 1 1 0.50–1

FIG. 1. MICs of vancomycin, metronidazole, and NTZ for 15 strains of C.
difficile in Wilkins-Chalgren broth (a) and 5% filtered hamster cecal contents in
Wilkins-Chalgren broth (b).
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that the potencies of three antimicrobials in inhibiting the
growth of the C. difficile strains were similar.

The use of NTZ in the hamster model of C. difficile intestinal
disease is undocumented, and the stability of NTZ in the ham-
ster is also unknown. As a preliminary examination of this
stability, we determined the MICs of NTZ and the other two
antimicrobials in a 5% suspension of filtered hamster cecal
contents. The MIC50 and the MIC90 for vancomycin and met-
ronidazole in 5% cecal contents were increased about twofold
compared to these values in medium alone (Table 1). The
MIC50 and MIC90 of NTZ in 5% cecal contents were consid-
erably higher than those in medium alone. The increased MICs
and the decreased potency of NTZ is also reflected in the
cumulative MICs shown in Fig. 1b. The mean MBC 6 the SD
of NTZ in 5% cecal contents was 13.6 6 13, a value which
differed significantly from the means 6 the SD of MBCs for
vancomycin (1.0 6 36) and metronidazole (0.49 6 0.34) in
cecal contents (P , 0.03).

Induction of C. difficile-associated ileocecitis. In a prelimi-
nary study, groups of 10 hamsters each were given a single dose
of the antimicrobials or saline as described in Materials and
Methods. Twenty-four hours later, each hamster was chal-
lenged orogastrically with 105 C. difficile 614. All of the animals
survived 35 days post-C. difficile challenge with no apparent
signs of intestinal disease (data not shown). We then examined
the propensity of the antimicrobials to induce C. difficile dis-
ease when these agents were administered in multiple doses.
Hamsters treated with six doses of 15, 7.5, or 3.0 mg of NTZ/
100 gbw, as well as hamsters given saline, survived the C.
difficile challenge (Fig. 2). By contrast, 2 of 10 hamsters receiv-
ing multiple doses of 5 mg of vancomycin/100 gbw and 7 of 9
hamsters receiving multiple doses of 15 mg of metronidazole/
100 gbw died within 5 days of C. difficile challenge (Fig. 2).
Necropsy of these animals revealed greatly enlarged and hem-
orrhagic ceca, with necrotic foci. The cecal contents of these
animals were positive for C. difficile and C. difficile toxin A. The
MICs of the antimicrobials for these recovered C. difficile iso-
lates were within 1 dilution of these values of these agents for
C. difficile 614 (0.13 to 0.50 mg/ml versus 0.25 to 0.50 mg/ml).
Additionally, a 1:400 dilution of the cecal contents was toxic
for cultured human fibroblasts. This in vitro toxicity was neu-
tralized by the addition of anti-toxin A antibodies, confirming
that the toxicity was due to the presence of toxin A in the cecal
contents.

The balance of the animals, sacrificed 15 days following C.
difficile challenge, appeared normal upon necropsy. Further,

the cecal contents of these surviving animals were negative for
C. difficile and C. difficile toxin A.

Prevention of clindamycin-induced ileocecitis. C. difficile in-
testinal disease was induced in hamsters by treatment with
clindamycin and challenge with C. difficile (see Materials and
Methods). The control animals, those treated postchallenge
with saline, all died by between 60 and 72 h following C. difficile
challenge (Fig. 3). The necropsy findings of these animals
included grossly enlarged and hemorrhagic ceca, suggesting C.
difficile intestinal disease. The presence of C. difficile and C.
difficile toxin A was confirmed in all six animals.

The outward manifestations of C. difficile disease were pre-
vented during daily treatments of 15.0 or 7.5 mg of NTZ,
vancomycin, and metronidazole per 100 gbw. Only 50% of the
animals on the 3.0-mg/100 gbw NTZ regimen survived the
6-day treatment period. The surviving NTZ-treated hamsters
all died within a week of cessation of antimicrobial therapy
(Fig. 3). Similarly, metronidazole-treated hamsters died within
5 to 11 days after the end of therapy. Of the vancomycin-
treated hamsters, 70% died within 8 to 12 days posttherapy
(Fig. 3). The three surviving hamsters were sacrificed at the
end of the experimental period (35 days post-C. difficile chal-
lenge). Necropsy of animals which died or were sacrificed in
moribund condition during the 2-week period following cessa-
tion of antimicrobial therapy showed gross signs of intestinal
disease. As described for the induction phase of these experi-
ments, the presence of C. difficile and C. difficile toxin A was
confirmed by in vitro assay. By contrast, the three vancomycin-
treated hamsters surviving the experiment appeared robust
and showed no gross signs of intestinal disease upon necropsy.
Additionally, no C. difficile or toxin A was detected in the cecal
contents of these animals.

The MICs of the three antimicrobials for the C. difficile
isolates detected in the cecal contents of animals succumbing
to intestinal disease were within 1 log of the MICs for the
challenge strain (C. difficile 614).

DISCUSSION

The goal of this study was to evaluate the antimicrobial NTZ
in the hamster model of C. difficile-associated intestinal dis-
ease. An ideal agent for the treatment of this disease would be
effective in controlling the in vivo growth of C. difficile and the
ensuing pathogenic sequelae. This agent should also protect
against relapse and not predispose the recipient to C. difficile

FIG. 2. Cumulative survival of hamsters after induction with six daily treat-
ments of antimicrobials prior to challenge with 105 C. difficile. Symbols: E, 15
mg/100 gbw (NTZ); h, 5 mg/100 gbw (vancomycin); ‚, 15 mg/100 gbw (metro-
nidazole). Animals were challenged with 105 C. difficile on day 0.

FIG. 3. Cumulative survival of hamsters with clindamycin-induced C. difficile
ileocecitis. Relapses of animals following saline treatments ({), treatment with
vancomycin (h) or metronidazole (‚), or treatment with NZT at 15 mg/100 gbw
(E), 7.5 mg/100 gbw (✳), or 3.0 mg/100 gbw (3) are indicated. Animals were
challenged with 105 C. difficile on day 0.
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disease. As a frame of reference, we evaluated NTZ in meeting
these criteria and compared it to the antimicrobials metroni-
dazole and vancomycin.

NTZ, a thiazolide derivative, was initially developed as an
antiparasitic drug (13, 22, 23). It is active against a variety of
enteric parasitic pathogens of humans and animals, including
protozoa, nematodes, cestodes, and trematodes. In the United
States, NTZ has investigational status for the treatment of
diarrheal diseases, particularly cryptosporidiosis, in AIDS pa-
tients (27). NTZ has been shown to be nontoxic in preclinical
trials (19). In human clinical trials, NTZ appears to be well
tolerated, with only minimal side effects, and no abnormalities
in blood chemistry or formed elements of the blood have been
reported (26).

More recently, the activity of NTZ against bacteria has been
investigated. NTZ was shown to inhibit 241 obligate and fac-
ultative anaerobic bacteria in vitro (7). These NTZ-susceptible
bacteria, isolated from human clinical samples, included 21
strains of C. difficile. In other studies, NTZ inhibited Helico-
bacter pylori in vitro (18). When given in combination with
omeprazole, NTZ was effective in the treatment of human H.
pylori infections, some of which were resistant to metronida-
zole (18).

In the preliminary in vitro phase of our study, the suscepti-
bilities of 15 clinical isolates of toxigenic C. difficile to NTZ
were determined and compared with those to metronidazole
and vancomycin. The MICs of NTZ for the isolates are within
the range of those of metronidazole and vancomycin. The
MICs of metronidazole and vancomycin determined in our
study agree with those previously reported for C. difficile (7, 9).
The increase in the MICs of NTZ in 5% cecal contents is
difficult to explain. It is possible that the pH or salt concentra-
tion of the cecal contents may not have been optimal for NTZ
activity. In addition, in the process of collecting the cecal con-
tents, we may have released a substance capable of degrading
NTZ or interfering with its activity. In any case, if this apparent
reduction in potency of NTZ did occur in vivo, it did not
abrogate the activity of NTZ in preventing C. difficile-associ-
ated intestinal disease in the hamster.

Previous reports of susceptibilities of C. difficile to NTZ are
scant. In an evaluation of the activity of NTZ against several
anaerobic bacterial isolates, Dubreuil et al. reported both the
MIC50 and the MIC90 of NTZ for 21 isolates of C. difficile to be
0.06 mg/ml, with a range of 0.06 to 0.125 mg/ml (7). While the
values from our assays were comparable to those of this pre-
vious study, they were slightly higher, suggesting that our C.
difficile isolates were less susceptible to NTZ.

In the in vivo phases of this examination of NTZ, we utilized
the hamster model of C. difficile-associated intestinal disease.
In our experiments, animals pretreated with clindamycin, and
posttreated with saline died within 60 to 70 h post-challenge
with C. difficile. By contrast, postchallenge administration of
NTZ, as well as metronidazole or vancomycin, was effective in
preventing this rapid onset of disease manifestations during
the treatment period. However, most animals died within 2
weeks of cessation of antimicrobial therapy. It is not clear from
these experiments if the relapse of hamsters was due to rein-
fection with environmental C. difficile or to failure to eradicate
the existing infection. Opportunities for the spread of C. diffi-
cile were minimized by housing only one animal per cage, but
neither food nor water was autoclaved, nor were the animals
handled in sterile fields. While all the animals receiving NTZ
or metronidazole died from C. difficile-associated ileocecitis, 3
of 10 animals receiving vancomycin therapy survived the ex-
perimental period, possibly cured of C. difficile infection. Fur-
thermore, relapse of vancomycin-treated animals was delayed

compared to NTZ- or metronidazole-treated animals. These
findings suggest that of the three antimicrobials tested in this
study, vancomycin may be the most effective in the treatment
of clindamycin-induced cecitis in hamsters. In a previous study
examining several antibiotics for the treatment of C. difficile
disease in hamsters, Fekety et al. reported similar contrasting
efficacies for vancomycin and metronidazole (9). These au-
thors discussed the possibility that vancomycin, which is poorly
absorbed when administered orally, reaches higher concentra-
tions in the gut than metronidazole, which is efficiently ab-
sorbed (14, 28). The resulting concentrations of vancomycin in
the hamster gut may be sufficient to eliminate the C. difficile
organism.

Certainly one of the paradoxes of treating C. difficile-asso-
ciated intestinal disease is that most agents used to control the
disease are also capable of precipitating the disease. This
proved to be the case with metronidazole and vancomycin in
our induction study. Twenty percent of the animals receiving
vancomycin and seventy-seven percent of those receiving met-
ronidazole died within 5 days of C. difficile challenge. Fekety et
al. reported similar results in the hamster following multiple
doses of these two antimicrobials (9). It was an unexpected
finding then that NTZ, even at doses which prevented disease,
did not induce C. difficile in the hamsters. The reasons for this
are not clear from our experiments. That therapy with broad-
spectrum antimicrobials disrupts normal gut flora and predis-
poses for colonization of C. difficile is a widely held and sup-
portable theory. While NTZ has proven to be therapeutic for
an unusually wide range of parasitic and bacterial intestinal
infections, it is possible that NTZ does not affect a key com-
ponent of normal gut flora required for the colonization by C.
difficile. The route of excretion of orally administered NTZ in
the hamster is unknown. In the rat, however, ca. 66% of an
orally administered dose of NTZ is excreted in the feces (Marc
Ayers, Romark Laboratories, personal communication). If this
holds true for hamsters, it is reasonable to speculate that re-
sidual NTZ in the gut may be toxic to C. difficile in the chal-
lenge inoculation.

In summary, NTZ compares well with metronidazole and
vancomycin for the treatment of C. difficile-associated ileoce-
citis in hamsters. NTZ was well tolerated and was effective in
preventing clindamycin-induced intestinal disease. Patterns of
relapse of C. difficile disease in NTZ- and metronidazole-
treated animals were similar; however, neither of these agents
was as effective as vancomycin in preventing relapse. It is
perhaps more promising that, in contrast to treatment with
vancomycin and metronidazole, treatment induction of C. dif-
ficile intestinal disease was not observed with NTZ.
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